In short, this paper will examines suggestions for enhancing the confidence, competence, and connection of engineering students
0 B Introduction
In his article "Do engineering faculty know what's broken" Sanjay Goel [1] of Jayee Institute of Information Technology in India highlights how much engineering instructors use lecturing vs how effective students found the technique. His key findings show a 0.99 correlation between the least effective techniques as viewed by students being the most often used. Rather than listen to lectures, his paper states that students want to creatively engage and discover the knowledge for themselves.
The simple question is, if this seems intuitively obvious, why do we continue to use lectures as our dominant form of teaching? [2] And a more involved question becomes, how can we improve it?
"The aim of education, then, is not to guide learners toward completion, but to provide them experiences that challenge and enlarge their understandings." [3] Discussing these matters with engineering faculty and current literature on teaching, we see that improving education comes from more actively engaging the minds and creativity of our students. Getting students to think about what they are learning and how they can apply it is critical to our success as teachers.
" [T] [1] . Which illustrated how the most used teaching technique -lecturing was seen as the least useful technique in the mind of students. A statement whose depth can be seen in the works of Felder [5] [6], Krathwohl [7] , Davis [3] , and Sheppard [8] .
Over the course of four interviews with engineering faculty, the conflict between the constraints of teaching and the desire to produce excellent engineers became apparent. The theme competence, competence, and connection came from the idea that when students are engaged, motivated, and involved -they perform better and develop a better understanding of the material. [9] 
2 B Methodology
This project was done as a pilot study to qualitatively understand Canadian engineering professor and engineering technology instructor's attitudes towards teaching engineering.
Two institutions were solicited, from which four faculty (Alpha, Beta, Gamma, and Delta) were randomly selected. Each participant was interviewed for one hour using a semi-structured interview with five questions.
Once transcription was complete, each participant was asked to review their transcript for accuracy. In accordance with human ethics approval and ensure anonymity, all identifying comments were removed from the transcript and not used in data analysis.
Coding of the data was done heuristically using grounded theory. This resulted in 90 codes, where the key responses were in the areas of methodology, engagement and ownership of knowledge.
6 B Limitations
This project has three major limitations, researcher positioning, sample size and focus.
First, as a college instructor and professional engineer, I have a bias as to what qualifies as good instruction and what is expected of engineering and engineering technology graduates. This bias like many other faculty is that students from engineering and technology disciplines should be very technically competent and independent problem solvers when they are finish their education. And that good instruction facilitates the students becoming employable members of society.
The second limitation is sample size. As a pilot project, two institutions were approached and because of time constraints, only one institution was able to participate.
From which, four faculty were interviewed. Each of these faculty members had a minimum of three years teaching experience, taught higher year courses and had very different areas of technical expertise within engineering.
The third limitation is focus. The original questions for this project were designed to understand the motivations and teaching environment of instructors in the classroom. Each participant was asked about how long they had been teaching, their purpose in the classroom, and their expectations technical and behavioural of students. The results of confidence, competence, and connection are inferred from their responses and current literature on engineering education. 
. The first thing they ask [is] they have a problem and they want to hear the solution that you have, that's all." (Delta)
Encouragingly all four of the participants strongly believed in their role of creating professional engineers. Depending on their specialty, this took different forms, but each wanted their students to be technically competent and able to solve problems.
8 B Confidence
Confidence is our student's ability to tackle new problems, to deal with incomplete information, and "go beyond 'plug and chug'" [14] , and deal with the unknown. Confidence is about being able to create devices that have never been done before. Our graduates need to be confident in their abilities and able to accept the engineering opportunities they encounter.
" So why does this happen? Perhaps the students need more opportunities to work with the unknown, to engage in design, and put their thoughts into a form that a client will want. Perhaps, the problem is that although we are creating graduates who are technically qualified to be engineers, perhaps they need to see the complexities of real engineering work. [12] [11] Unlike the technical aspects of engineering, confidence comes from dealing with the unknown. If we are going to build the confidence of our students, we need to give them more opportunities to connect theory and reality, to engage in design and to deal with the problems of incomplete information. They need to be able to connect the formulas and theories they are learning back to the real world. [6] 
1 4 B Using the lab first
In Alpha's course, connecting the theory and practice is very important. Typically, he will run a lab, and the next lecture, lead a student discussion on what they observed. Sketching their observations on the board, describing how beams break, and relating the concepts of stress and strain to their personal experience. By doing this, Alpha is building their confidence that what they are learning has value, that they can measure the unknown, and that they can connect it back to the theory they are learning in class.
"[F]or any engineering courses, you know, it's always nice to have some hands on stuff and relate the theory to... the stuff in the daily life. I think that's what we try to do in the problem of breaking the concrete... people see it and they just don't know why." (Alpha)

1 5 B Getting them to think about it
An alternative method for helping students build confidence may be as simple as getting them actively thinking about the problems in class. Ask each student to summarize what is going on in class in their own words. Have them work in pairs (TAPPS) or write for three to five minutes on such questions as: [6] [15] 1. Where could you apply this concept in practice? 2. Draw a flowchart of this process.
If your friend missed class, how could you summarize this for him?
By challenging students to reflect on what they are seeing, hearing, and learning, we are encouraging them to become confident in their knowledge. To take what they know, express it, and become confident with it.
By giving them opportunities to connect theory and reality, to engage in design, we allow them to see themselves as capable people.
By having them deal with incomplete information or real world measurements, we prepare them to confidently deal with uncertainty.
By challenging students to question what they know and forcing them to deal with incomplete information, we will build their confidence. Confidence to make assumptions, deal with the unknown and create solutions.
1 1 B Competence
Like confidence, competence in engineering is about being able to deal with the unknown. It's about more than just technical knowledge and passing the exam. It's about being able to make assumptions, define the limits problems, and create a solution that works. [16] What makes engineering unique, is the implicit assumption that everything we work on, could be built in the real world. [17] " The challenge with competence, is that it goes well beyond just technical skill. It also requires knowledge of standards, a breadth of engineering knowledge, and the ability to work in a business environment. [11] [10] "Remarkably few engineering graduates are actually practicing what would be remotely recognisable as what they were being taught, or even connected with it." [11] But satisfying all the needs of industry is virtually impossible. Because of the large amount of technical information required to do engineering, and industries emphasis on decision making and working with clients.
" But going beyond this, students need to engage in design throughout the program. Although the idea may be countered with, "they don't know enough", if we think about consulting engineering, are we given all the information we need up front? If we want to build self reliant, confident engineers, then perhaps we need to find ways to build student competitions and design challenges into more of our courses throughout the program.
An interesting examples of using design challenges in the curriculum is the VECTOR program at Ohio State. [18] Where they revised the electromagnetics curriculum around simulating and constructing a capacitive sensor and a patch antenna both used in the control of a remote control car.
1 3 B Connection
Feeling connected in engineering means feeling that what you are learning is valuable to your future, that you are part of the group, and ultimately, thinking like an engineer. [9] [17]
1 6 B Understanding the Impact
In order to build this, we need to let them know why they are studying this, what can they build with it. How it might impact their future.
" 
1 7 B Making it Fun
Beyond just letting students know why we the information is important. We need to make it fun and social. In Alpha's case, he does this by getting his students to measure real things, letting the students get their hands dirty, and encouraging them to take a personal interest in the experiments.
1 8 B Taking ownership
Perhaps the most important aspect of connection comes from taking ownership of your work. If we look at student competitions, K-12 outreach, and our own practice.
When we own the experience, our engagement, our connection goes through the roof.
We can use this idea to enhance the engagement of our students as well. Pose questions without a right or wrong answer. What is the role of an engineer in society? Where should infrastructure be built? How would you solve this design problem. If we step back from the theory and ask, what's interesting, what's controversial, what's the challenge. Than opportunities to help students connect can easily come to light.
1 9 B Becoming a professional
Finally, for the students, being connected means perceiving themselves as engineers. Beta does this by challenging his students to think of themselves as professionals. To think about the image they are portraying to their classmates. The benefit, his students buy in and behave in a much more professional manner.
" Enhancing the confidence, competence and connection of students is critical. As engineers, it's easy to focus on teaching the technical details. But along with that, we should be asking; how can the students own the experience. Will this help them become more confident in dealing with uncertainty? Will this help them become more competent both technically and in the workplace? And finally, will this help them see themselves as engineers?
